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Aero s ol a nd cir ru s clo uds affe ct the r eflected s ola r r adiatio n dete cted by
satelite se ns o r sI Both aero s ola nd cirr u sincreas ethe appar ent r eflectan ee ov er da rk
su rfac e s s u ch a s v egetation in the visible chan nels by s c atte ring su nlight to 払e
s e n s or. A e r o s olredu c e sthe appa re nt refle ctan c e ov e rbrightsu rfac e s(e･g･ v egetation
ands oilsin the n e a rIR)by abs o rbingr efle cteds ola･r r adiatio n o nits w aydo w nto the
s u rfa ce a nd o nits w ay up to the s e n s o r･ Co r r e ctio n, r e m o v al o r a v oida nc e ofthe
atm o spheric effects du eto a e r o s olandthin cirrus clouds(w e ca - ot c o re ctfo r仙e
effect of thickcir r u s)ca ntake s ev e ralpathw ays:
- 幽 迫: The effe ct ofae ro s olor cir r us on
radiation is deter min ed fir st a ndthe n u s ed fo rdir e ctc o r r e ctio n of the m e a s ured
r adia n c eto de riv ethe s u rfa c e spe ctralr efle ctan c e･
- 出 d: No dir e ct c orr e ctio nis ap plied but the r e m ote
s e n singfu n ctio n sde sign ed to find the s u rfa c epr ope r也e s(e･g･ the N D VI)ar e
rede sign ed ino rde rto minimiz etheir depe nde n c e o nthe a e r o s olpr e s e n c e.
- ∈呈 出 由 比 In c a s e of he a vy a e r o s ol′ s witchingthe
r e m ote s e n s l ng I n v e stigation to lo nger w a v el ngths′ whe re the■ a ero s ol.Tis
tr a nspa rent a nd ha s o nly a s m alleffect, whilethedetails of the s u rfa c e c o v e r a r e
stille vide nt.
W e shallre vie w the s ete chniqu e s a nd bring s o m e n e win sight o n their ap plicatio n s
a nd limitatio n s, m ainlyin light of the hun chin the su m m e r of1998ofthe M OD IS
in str u ment o n the N ASA l∃arth O bs erv l ng Syste m with a n ar r ay of spe ctral
cha nn els 払at willallo w 血e s e c or re c也o npro c e s s e s･
Introdu ction
Withthela u n ch of the Earth O bse r vingSyste m(E O S)AM in s u m m e r1998,
a ndpa raleleffo rts inJapa n(A D E O S)andI≡u rope(ENVISA T)w ea re e ntering a new
er a in studying the e a rth a s a n interrelated syste m r athe r an as s e mbly of
indepe nde nt pa r a m et r sI T he Earth Obse rv i ng Syste m Will ha v e a n t mprecedented
spe ctr ala nd spatialr e mわte s ensing eapability with s cientificin str um e nts that w ere
designed, char a cte rized, and calibrated fo rthepu rpo s e･ For ex a mple M OD IS on EO S
-
A M wiu hav e5 spe ctral ba nds de sign ed fo r a e r o s ola nd la nd r e m ote s enslngin the
s ola r spe ctr u m wi thr e s olutio n of 500m (470n m , 550 n m , 1･2 トm , 1･6LL m′ 2･1 pm)
and2 addition al ba nds wi th r esolutio n of250m (650n m and 860n m). MODIS will
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ha v e a-spe cial chan n el at l･3ア5 岬I fo rhighly s ensitiv e r em ote s e n sl ng Ofcir rus
clouds that togethe r with sho rte r w a v ele ngth cha nn els c anbe
usedto de riv e the
cirr u s r adiatit,e effe cts a ndto c o r r e ctfortheirpr e s e n c e･
o ne ofthe main r e a s o nfo rthis la rge in v e stm e ntin re m ote s e n s lngis the
r e c ognitio nthat clim ate cha nge r e s ea rch ba s ed o nthe effe cts ofgre enho u s ega s e s
alo n e
■
is n ot s ufficient to u nde r sta nd clim ate cha nge a nd w e n e ed to bring l n
ele m e nts with high spatial a nd te mpo r al v a riabilitylike a ero s ol′ ch
a nge sin la nd
use, clo uds a nd w ater v apor a nd ocea n productivity･ The only w ayto m easu re the se
v a riable effe ctsis fr o m s atellite s血at c a nprovide daily high re s olu 血 n data･ In this
re spect血eintrodu c也o n of 血e n e w s atellite syste m s s
ta rts a n ew stagein 血 e 160ye ar
oldclim ate_change r e s e
ar ch′ fro m the fir st r ec ognitio n by Fou rie rin 1824that
gr e e nhous ega s e sin 血e a血 o sphere c a nw ar m 仇e surfa c e′ to 仇efir st calculatio n s of
血e effe ct ofdoubling of C O2 a ndthe w ate r vaporfe edba ck by Arrhe niu sin 1896′
ba s ed o n theIR spe ctru m ofC O2 a nd w ater v apo rderiv ed fr o mLa ng
ley
'
s pre cis e
m e a s ure me nts of the m o o nIR e mis sio n (s e e revie w by Ra m a natha n and
vogelm a nn , 19 9 7)I Pre se ntly it is r e c ognized that the g
.
r e e nho us e ga s e sby
the m s elve s c an n ot s olv e the clim ate proble m and highly v a rying Pr o c e s s e sha ve to
be studied. Satelite s ar e u niqu ely s uitable fo r studying spatially highly v a riable
pr o c e s s e s, but they requirehigh ac cu r acyI n cludinga c c urate deriv ation of
the s urfac e
pr ope rtie s･
T he atm o sphe r e affe cts re m ote s e n sing Ofthe e a rth s urfac efro m spa c eby
s c atte ring and abs o rption by a e r o s olpa rticle s(e･g･ m icro n siz e du st pa rticle s or
submic r o npollutio n particle s s u spe nded in the air) and m ole c ule s in the
atm o spher e･ nt e effe ct ofa e r o s ol a nd m ole c ula r s c atte ringlS Stronge rin the sho rter
s olar w a v elengths whe r ethe particle siz eis similar to the r adiatio n wa vele ngth･
Abs o rbing ga s e s(e･g･ w ate r v apor, ozone a nd oxy ge n) abs o rb in spe cific spe ctr al
ba nds(e.g. Tan r6 etal.′ 1992)I Aero s ols c atte ringisbr oade r, itin c r e as e sthe appar e nt
su rface r efle ctan c e o v e rda rks u rfa c e s while a e r o s olabs orption redu c e sthe appa r e nt
brightn e s s of brights u rfa c e s(Fr as er a nd Ka ufm a n, 19 85; Ka ulman , 1989)･ W hile the
c o n c e ntr ations of atm o spheric ga s e sdo not v ary s lgnific a ntly′ the c o n c e ntr atio n of
a ero s ol a nd w ate r vapo r c a n va ryby m o r etha n an order of m agnitude･
Co rre ctio nfor the effe ct of m ole c ular s c atte ring, o z o n e and oxy gen abs orptio n
is importa nt, sin c e e v e ntho ugh their c o n c e ntratio n do e sn ot cha nge s ubsta ntially
fro m clim atologlC V al11 e S′ their effect on radiatio ndetected by the s atellite a nd on
the ap pa r e nt s u rfa c e r efl cta n c ewi llv a ry as a fun ction of the vie w a nd illu mination
dir e ctio n(e.g･ Tanr6 et al･ ′ 1992)･ The effe ct of w ate r vapo r abs orptio n is v ery
s lgnific a ntfo r仙e N O A
- AV HRR n ear IRcha n nel′ 血atis us ed together with the
visible cha n n elto de riv ethe n o r malized v egetation index (N D V I) us ed to m onitor
the dyn amics ofglobal v egetatio n(Tu cke r et al･ ′ 1985; Holbe n, 198 6; Ta n r6 et al･ ′
1992)A The n e wly de sign ed spa c ein str um e nts, e .g･ M OD IS, hav e n a r r o w e r chann els
that a r e alm o st n ot s e n sitiv e to w ate r v apo r abs orptio n ･ Re vie w of the ae r o s ol
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pr opertie s o nr e m ote s ensingis giァe nby Kaufm a n(1989), r e vie w ofthe effect of
a e r os ol and gas e s on r em ote s e n sl ng fro m A VH R Rby Tan r6 et,
al. (1992). The
dete ction ofcir ru sclo udsbyM O DIS w ag intr odu c ebyB.
- C･ Ga o(e,g･ Gao etal･, 19 6)･
Dir e ctc or re ction fo 】･the a er o s oleffe ct
Dir e ct c o r r e ctio n ofthe a e r o s oleffe ctisba s ed o ndeter minatio n ofthe aero s ol
opacity(expr e s s ed by the opticalthickn e s s and the r e s ulting
.
path radia nc e)fr o m
spe cific pix els inthe im age a nd ap plyingit to co rre ctthe s a m ei m age(Ka ufm a n a nd
se ndr a′ 1988; Holben et alリ 1992; Ver mote et al･ ′ 1 997)･ On c e血e optic althickn e s sis
determined, the atm o spheric c o r r e ctio n Can pro ce ed usi ng I n v e rsion ofthe basic
radiativ etr an sfer equ atio n(e･g･ V er m ote et al･ , 1997)･ To deter m ine the a e r o s ol
opticalthickn e s s, the s urfa ce r efle cta nc e, p, ha sto be s m alla nd kn o w nwithgo od
ac cu r acy(e･g･ within un c ertainty of△p.
=i=0･005)･ Vegetated sllrfac e sa re da rk.in the
r ed and blu epa rts of the spe ct ru m(Ka ufm a n et al., 19 97a)a nd their r efle eta n c e c a n
be estim ated using their refle ctahce in the mid
-IR(2･1 5or 3･75トL m - Ka ufm a n and
Re m e r, 1994;Ka ufm an et al., 1997b)I T his m ethod ofu sing the mid-I Rr efle ctan c efor
co r e ction in the visible cha n nels′ispo s siblefor tw o reas ons:
- Ae r o s olis m o stly transpa r e nt in 血e long w a v el ng仇s′ be c a u s ethe optic ally
activ e pa rticle s are sm allin c a s e of bio m a s sbu ming or u rban/indu strial
e mis sio n s･ For du st the pa rticle s a r ela rge but their r efr a ctiv einde x is
signific a ntly s mallerin the mid Ⅱこr edu ⊂ingtheirbacks c attering(s e eFig･ 1)a nd
atm o甲he ric effe ct at2･=L m･
- The r eis a good c o r r elatio n betw e e nthe s u rfa c e r efle cta n c ein
■
the visible
cha m els a ndthe mid-IR chan n els(Kaufm a n et al. , 1997a). T土I e c o rr elation is
c a u s ed byshado w sintr odu c ed by v egetatio nin allthe w a v el ngths･ Als o while
v egetation intr odu c e s chlo r ophyllabs o rption in the r ed a nd blue chan n els, it
introdu c e sliquid w ate r abs o rptio n h the mid
-IR･ Appa re ntly 也e v egetatio n
chlo r ophylland liquid w ate r c o nte nt a re co r r elatedto s o m e e xt nd･ h ge n eral
it w a sfo undin s e v erale c o syste ms that the su rfac e r efle ctan c e
■inthe r ed(0･66
LL m)is halfof that at2･1LL mfor da rk surfa c e swi thr efle cta nc e at2･1le s sthen
O.15(Ka ufm a net a.し1997a).
To deriv ethe a e r o s olopticalthickn e s sfr o mthe s atellite m e a s u r ed r adianc e andto
u s eit in atm o spheric c orr e ctio n, itis importantto applythe s a m e a e r o s ol m del in
both cases andto hav e 早 m Odelthatrepres e nt the totalc ol um n ofa mbie nt a e r o s ol･
Fo rthis pu rpo s ethe a e r o s ol m odel ha sto be based o nin v e r sio n ofsky a nd s ll n
radia n c em e a s u r ed fr o mthe gr o u nd(Ka ufm an a nd Holbe n, 1 996; Ka ufm a nand
Ta nre′ 1 996). Su ch m odel w a sde v eloped r e c entlyfor s m oke a nd u rba n/indu strial
a ero s ol(Re m e r et al. , 1996). The m odelis dyna micin the s e n s ethat the c o mpo sitio n
ofthe aero s ol m odes v a rie s with the a e r o s ol lo ading r epr e s e nted by the a e r o s ol
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optic al thickn e s sI Table 1 su m m a riz e s the s e m odels･ The m odels ar e gl V en
graphicallyin Fig･ 2･
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Figur e1.
･ Typic alspec tTlalyladian ce(non nalizedto appa r e ntrejle cLaflCeby m ultl>lyiTZgthe radia n c e
by7DFo - Foisthe sola rj7u x)jTor aer osoloptic althickn e s s ofO･2 atO･86FLm O v e r abla ck s u4a c e,
fo rse v e ral aer o s olりpe S: S malla c c u m ulation modepa rticle sthat c orr e spond to s m oke oy dry
urba n/indu striala e r o s ol(
”
sLdfate”); w etla rge r ''sulfate” pa rticle s, salt, du st, and L7 mixtu r e of
s ulfate ands alt(2Ta n r6e tal,, 1 99 7). Note ike redu ctio n with wavele ngth ofthe appa re ntr ejle cla nce
fo r alla e r o solり,Pe S･ M ost aero s olり･pe sha ve a v ery S m alleRecton the appa re nt reJleaa nce a t2･1
FL mdu eto sm allpa rticle size(sm oke a nd s ulfde s)o r smallr eJ[a ctiv eindex(du st).
Indire(:Ic o r e ction s
h the dir e ct c o rr e ctio nfo rthe a e r o s oleffe ct
,
the m e a s u r ed r adia n ce sis dire ctly
c or rected fo rthe a e r o s oleffe ctbyderiv lngthe surfa c erefle cta n c efr o mthe m e asured
r adia n c efor the m e a sur ed a e r o s ol lo ading a nd optic alpropertie s･ In the indire ct
c orr e ctio n s, a re m ote s e n si ngfu n ctio n, de sigrLed fo r r e m ote s ensi ng Ofthe s u rface
pr ope rtie s(s u血 a sthe N DVI us ed fo r r e m ote s e n sing ofv egetatio n - Tu cker et alり
1985)is r edefin edin a n e wfor m that minimiz e sthe depe nde n c e o nthe a e r o s ol
lo ading･ The a e r o s ol lading and optic alpr opertie s a r e n o･1o nger n e eded1 On e s u ch
fu n ctio nis the Atm o sphe ric Re sista ntVegetatio nInde x(ARVI)that r epla c e sthe red
chann el u s ed in the N DVI
′
with a c o mbinatio n of the.red and blu e cha n n els
(Ka ufn a n an Ta n r6, 19 92;1996). T his r edefinitio n of the ND VI as A RV Ir etains a
similar info r m atio n abo ut the surfac e prope rtie s while being slgnific a ntly le s s
s e n sitiv eto the a e r o s oleffe ct We c
.
an de m o n str ate the ability of A RVIto r eject the
a e r o s oleffe cts withthefollo w l ng Sl mPle calculatio n s･ The N D Ⅵis defin ed by the
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no rm aliz ed diffe ren c ebetw e e nthe ap pa re nt refle cta n c e of the s urfac e at O18 6pm ,
p86,
andthat atO･6叫 m , p66:
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A Ae r o s ol volu m edistributionjTo rthe aeros ol m odels de riv edJ[om A E R O N E T 1 993
deploym e nts, in the A m azon - s moke a e r os l and in the M id Atla ntic r egion ofthe U S
-
industrial/u rban aeros ol(Re m e r etal., 1996). The m ode s a r efo r･･ r<0･3FLm - a c c u m ulation m ode
(o rga nic s moke o r s ulfate s),.fo rO･3FJm < r<0･8Elm StratO SPhe ric a e r o s ol;fo rO･8FLm < r<2･5FLm
m a ritim e saltpa rticle m ode;for2･5pn<r the c ow sepa rticle m odel
The ap pa rent r efle cta nte isthe r adia n c e m e a s u r edin the top ofthe atm o sphere, i,
n or
.
m alized to r efle cta n ce u nits(nL/Fopo)u singthe s ola r spe ctr al flu x Fo and the
c o sl ne Of the s ola r ze nith angle L1. I In this defin itio nthe aerosoleffe ct c a ndo uble
the appa rent r efle cta nc e of v egetatio n atO166LLm for 皿 Ode r ate a e r o s ol lo ading･
Therefor e a n e wfun ction is defined, A R V I, bas ed o nthe s a m epri nciple ofr em ote
sens lng Of v egetatio n a sND V I′but r epla c i ngthepr oble m atic ap pa r e ntr efle cta n c e at
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0･66pn witha c o r r e ctedr efle cta n ⊂e:
p66
- - > PRtS
= 2p66
-
P4 7 ′ a nd therefo r e: A R Ⅵ
=
P86
- PR B
P86
＋PR B
Note that 血e ap pa rent r efle cta n c e s of A R VIar e defin ed afte r cor r ectio n sfo r
m olecula r s c atte ring(Kaufm an and Ta nr6′ 1992).
Table 1: Su m m a fT Ofthe a e yo s ol dyn a mic modelsfo rbio m a s sbu r ning a nd u rba n/indu strial
a eTO S Ol･ r
g
- the n u mbe rdistribution mode radiu s･ rv - the volu m edistributio n mode radiu s･ cr- the
std, oftheloga rithm , ofthe r adius, Vo - the v olu me ofthe m ode a nd alo - the single s c atte ring
albedo
c o ntin e ntal rg(pm) rv(pm) G Vo(1 0
6
岬 1
3/c m2) oo
a e r o s ol(R H=70 %)
a c cu甲ulatio n
co a r s e
bio m as sbtlming rg(pm) rv(LL m) o V o(1 0
6LL m3/c m2) o )o
a c c u m ulatio n 0.061 0.1 3･ 0.5 -2.4＋45′t
str ato sphe ric 0138 0･51 0･31 0.984
c o a r s e 1.0-1.3て 6.0-ll.3て＋61て2 o.69＋0.81rE 2.4-6.3T＋37′r2
indu strial l^rba n r8(LL m) rv(LL m) G V o(10
6p･ m 3/c n 2) o)o
a e r o s ol
a c c u m ulatio n1
a c c u mulatio n2
str ato sphe ric
s alt
C O a r S e
0.036 0.106
0.114 0.21
0,43 0.55
0.99 1.30
0.67 9.50
0.60 -2.0＋70′レ196T2＋150て3
0.45 0.34- 7.6て＋80′亡2_63′【3
0.29 0.73
0.30 - 0.16＋4.12て
0.94 1.92
W hy sho uld intr odu ctio n ofthe blu e cha nn el, he a vily c o nt amin ated by
a e r o s olr edu c eA RV Idepende n c e on 也 e a e r o s oleffe ct? T he m ain re a s o nARV I is
u sefu lis that the a e ros ol de c reases with w avele ngth while v egetatio n r efle ctan c eis
u n cha nged a nd s oil r efle cta n c ein c r eas e s with w a v el ngths･ Co n sider a
r epr e s e ntativ e C a s e ofa e r o s ol withthe aero s oleffe ct in the blu e twic e ofthatin the
r ed･ T he effe ct ofa e r o s ol atO･86 pm is c o n side red to be n egligible du eto n et z e r o
bala n c ebetw e e nthe a e r o s ol s c atte ring a nd abs o rption effe cts abo v ethe bright
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s urfac e. W e assu m ethe v egetatio n r efle cta n⊂e to be the sa m ein the red a nd blu e
chan n els. Therefo r ea er o s olca us e sthefolo wl ngtra n sfo rm atio n s:
p66
= => P
-
66
= Pv
＋0･02
′ p47
= = > P
'
47
= Pv
＋0･04′ p86
= = > P
1
86
= P8 6
a ndtherefore:
pRB
= = >P
'
R B
≡ P
v
IS u n changed a nd
AR VI = => AR V I
'
= AR V I is als o u n changed
The tr a n sfor m atio n w o uldcha nge ND V I:
ND V I=(p8 6
I
Pv)/(P86 ＋Pv)= => N D V r-(p86
-
Pv'0･02)/(p8 6' P66'0･02)
w hile NDVIcha nged′ A RVI is n ot influ enc edirLthis cas eby the aero s olpre s_
e n c e･
A v oiding 仇e a eros oleffe ct- spedr ally
Alter n ativ e te chniqu eto elimin ate the a e r o s ol effe ctin ste ad ofthe atm o spheric
dir e ct o rindir e ct c o r r e ctionsis a v oidan c e of the atm o sphe ric a ero s ol efe ctby usi ng
w a v el ng血slo nge rtha n1 mic r o n′ wher ethe a e r o s ole
ffe ctis minim al･ In 仇e r a nge
of1.2-1.6pm theland s lrfac eis bright, a nd the aero s olopa cityis s maller the n inthe
visible w av ele ngths･ T herefore the n et a e r o s ol effe ct o n the appare nt s u rfac e
r efle cta n c eis v e rys m all(F;a岳e r a nd Kaufm a n′ 19 85;Kaufm a n et all, 1997a)･ At 2･1
”. m the a ero sol effe ct is v e ry s m alle v e nfor dark s u rfa c e s(s e eFig･ 1)A The upe of
spe ctral ba nds beyo nd 1LL mfo r r e m ote s･e
nsl ng Ofv egetatio n w a s n otde m onstr ated
inge n e ralbutits c apabilityis sho w n in Fig･ 3･ He r e a･
he a vy
.
s m oke cov e苧ngthe
r egl O n a r ou nd Cuiaba′ Br a zilpr ohibitsthe苧u rfac e obs er v ations ln a n Other wIS e V ery
cle a rim age. A c olo rim age･in the lo nger w a v ele ngths depicts Cle a r
ly the riv甲′
v egetation′ ba r e s oils a nd bu.m s e a r s a nd is
alm ost co r nf,1etelyindepe nde nt ofthe
pres ence of 仇e s m oke･
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Co rr ection fo r cirru s clouds u sing thel･3 アドm Cha nn el
Re m ote s e n s ingin the s ola r chan n els tradition ally av oided the w ate r v apo r
abs o rptio n ba nds lo oking fo r atm o spheric whdo w s to obs erve the la nd, o c e a n′
a e r o s ol and clo uds･ But absorptio nbands als opr o vide v aluable infor m atio n′ in a
si mila r w ay to the applic atio n s of abs orption ba nds in the I R･ The O･89
-0･96 um
w ate r abs orptio n region is us ed o n FO L DE Ra nd M OD IS instru m e nts o nAD EO S
a nd EO Sr e spe ctiv ely fo r r e m ote s e n s lng Oftotalpr e cipitable water v apo r･ This
te chniqu e u s e sthe refle cted s u nlight that trav els th士o ugh the atm ospher e to the
s u rfa c eand backto spa cethr o ughthe w ater vapo rto m e a s u r eth totalpre cipitable
w 水 e r v apor c o n c e ntr ation in the vertic alc olum n(e.g･ Ka ufm an and Ga o′ 199 2)･ The
l･375pm str o ng w ate rv apor abs o rptio nband, dis cov e r ed byBo
I CaiGao a nd adopted
for M O DIS(Ga o et aし196) will be u s ed m ainlyto derive the refle ctiv eprope rtie s of
cir ru s clo uds a ndto c o r r e ctfo rtheir opticaleffects 0 n r e m ote S enS lng Ofla nd′ o c e a n,
ae r o s ola nd lo w altitude clo uds(Gao et al･, 1998)･ Figure 4 de monstrates this re m ote
s e n sing ap plicatio n･ W hile the atm o spheric windo w at O･65トL m allo w s the
obs e r v ation ofthe land′ oce a n a nd the cir r u s clo u･ds′ the opa city ofthe lo w e r
tr opo spher e at1 375 iL m du etpthe str o ng yate r v apo r abs o rptio n, do e s n ot allo w
light to pe n etr ate to the s urfa c eand w e obs e rv e o nly s c atte r ed lightfr o mhigher
attitude sby the cir r us Clouds. If the cir ru s clo uds w ould n otha v ebe e npr e s e ntthe
im age w o uld be bla ck. T his inform ation ca nbe u sedto subtra ct the cirru s effe ct o n
the path r adianc e as sho wn ipthebotto m of Fig･ 4･ But the cirrus clo ud effe ct on the
pathradian c eat w avelengths shor
'
ter then l･37叫 m is stronge rthen that at l･37叫 m
due to the effe ct ofthe r e sidu al w ate r abs o rptio n inthis cha n n el･ Ov er oc ean the
effe ct ofthe u nkn o w n am ou nt of w ater v apor o n the refle ctio n of s u nlightby 血e
cir r u s clo uds c a nbe de riv ed fr o m s c atte rplots ofthe cir ru s r efl ctanc eat the l･375
um a nd the n e a rbyl･2LL m Chan n el･ Sin c ethe r efle cta n c e ofthe cirrus crystals do e s
n ot change s ubsta ntiallybetw e e nthe s etw o w avele ngths du eto theirla rge size, a nd
spe ctral1y stable refr active index′ the r atio betw e e nthe cir r u s effe ct at l･3 75p∬l a nd
l･2 けm is the w ate r v apo rtr ahsmita n c ein the vie w mg and illumination dire ctions
ofthe pa r血 山a rim age･ Ov e r仇ela nd a similar m e血o且 c a nbe u s ed o nlyifther e ar e
s o m edarksu rfac epixels′ e･g･ vegetation atO･66pm ･ Fig･ 4′followingGa o etal･(1 9 8),
¢e m o n str ate sthis c or re ction .
- 9 6-
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Fig･ 3: La rge fire ne ar
Cuiaba o nAug･ 25, 1995
take n fro m the E R- 2
A VI RIS in str u m e nt
du ring the S C AR
- B
e xperim e nt･ The im age
is lOx20 km a nd 2 0 m
r e s olutio n･ 地 -
he a vy s m oke e mitted
fr o m the fire a nd
flo wing o v er Cuiaba･
The im age r e s e mble s
hu m a n vision and is
c o mpo s ed of O･4 7 pm
(blu e)′ 0.5 5pm (gr e e n)
a nd 0.6 6 pm (r ed)I
由 比 由 一 isfor2･1
pm (blu e)′ 1･2 けm
(gr e e n) and l･65 トL m
(r ed). The sm oke is
alm o st tran spa r e nt in
the s e lo nge r w a v e
r
1e ngths a nd the fir eis
-
cle a rly s e en with its 3
m ain te m pe r atu r e s
z o n e s(blu e - glo wing′
purple
- s m olde rir唱
-
e mitting the he a vy
s m oke′ a nd white - the
fir efr o nt. Notethatitis
m u ch e a sie rto obse r v e
the s u rfa c efe atul･e Sin
the lo ng w a v el ngths
that pe netrate s the
s m oke. The s ola r z e nith
a ngle is
AVI R IS
pr o vided
Gr e e nfr o m
36o . The
data we r e
by Robert
JP L･
Ka ufm an , Febr u a ry2,199 8
Fig4: Applicatio n of the
M OD IS n ew 1.37 5pm
cirrus chan n el
,
us l ng
A VIR IS data･ Top:im age
of an oc e an -land r egio n
atO･65LL m′indieating the
pr es e n c e of thin clo uds
ov er the land and o c ea n,
M iddle im age - im age
fro m the 1.3 75pm cir rus
cha n nel′ obs e r vl ng high
clo uds o nly, n o la nd
-
o c e an slgn al･ The
differ e n c ebetw e e n-the
la nd a nd o c e a n
r e凸ectan c eis elim inated
by the str o ng w ate r
v apo r abs o rptio nin the
lo w e rtr opo sphe r e in
this cha n n el. Botto m
im age
-
､
is the sa m e as
the top im age but
c orr e cted fo r the cir r u s
effe ct(Afte r Ga o et al. ･′
1998).
Co nclusio n s
A E RO S O L: A ltho ughdir e ct c o r r e ctio n sfo rthe a e r o sleffe ct over thela nd
ar epo s sible′ they do n ot constitute the only′ o rthe be stpo s sibilityto redu c e o rget
rid ofthe a ero s ol effe ct on r e m ote s e n s i ng Of the
L
s u rfac e･ h dir e ct c orr e ctio n sby
r edefin ing fun ctio n sthat r epre s e ntthe s u rfa c eprppertie s′ but ar ele s sdepe ndent on
the ae r o s ol pre s e n c eis o n epo s sibility･ Switching to r e m ote sensing in lo nge r
w a vele ngths(1･2 卜m tO 2･1 p m) whe r e a e r o s ol ha s a s malleffe ct m ay be a n othe r
po s sibility･ Note that the lo nge r w a v ele ngths ar e n ot sensitiv e dir e ctly to the
chlo r ophyllc onc e ntr atio nbutr athe rto theliquid w ate rinthe v egetatio n a s s o ciated
withit･ Thu s ap plication of thelo nger w av elengthsfo r r e m ote s e n sing ofv egetation
requ lr e S ad ditio n alstudie sI The im age pr e s e nted he r e a nd othersfr o m13ra zilsho w
e xc elle nt ability to distinguish betw e e ndiffe r e nt v egetatio n de n sitie s′ a nd la ck of
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s e n sitivity to the pre se n c e of e v e n
■
ve ry he a vy a･nd n o nho m ogn e o u s s m oke･ T he
dire ct c o r r e ctio nfo rthe ae r o s oleffe ctis als ohelped bythelo w optic aleffects ofthe
a e r o s olin lo ng w a v el ngths′ e･g･ 2･1 pm ･ Fo r s m oke or u rba n/indu striala e r o s ol the
high tr a n spar ency at 2･1LL m is du eto the sm allpa rticle siz e of the ac cu m ulation
m ode r elativ eto the wav ele ngth･ The
-a c c u m ulation m ode is the do min a nt m ode
affe cting the s ola r r adiatio n･ For dust the tr a n spa re n cy is du eto the lo w r e al
refra ctiv e index of the du st at 2･1 pm ･ Applicatio nfo rdu st ofthis m ethod w a s n ot
de m o n str ated yet･ The m ethod fo rdir e ct c o rr e ctio n is co mpleted by finding a
c o r r elatio nbetw e e nthe s u rfa c e r eflctane e at the visible ch ann els and the 2.1 p m
cha nn el,for pa rt of the pixels in theim age(e･g･ v egetatio n)･ In this w ay a c o mplete
circle is achie v ed in whichthe s urfac epr ope rtie s ofs o m epix els are obs ervedin the
midIR
,
a nd u s ed inthe visible to deriv e the a e r o s ol a m ou nt and to pe rfo r mthe
c o r r e ctio n ofthe e ntireim age･ Ap plic atio n s of this te chniqu e w er pe rfor med s ofar
o nlyin limited s c ope a nd full de m o n str atio n a nd ev aluation a waits the la u n ch of
the M OD ISin stru m e nt o nthe Ea rth O bs er vingSyste m ･
CIR Ru S CLOLTDS･･ The n ewlyfou nd a ndimple m e nted cir rus clolld cha nn el
in the middle ofthe strong w ate rabs o rptio nba nd at l･375LL m W a s Sho w nto be v ery
S e n sitiv eto the pr e s e n c e ofcir ru s clo uds･ W e a nticipate to find fr o mM O DISthata
la rge rfractio rL Ofthe ea rthis c o v e r ed by thin cir r u s Clouds that w ere n ot dete cted
wi血 pr eviou s satellite syste m s･ To us ethis 血 a n nel fo r abno sphe ric c o r r e ctio n stw o
steps a r e n e eded- Fo r c o r r e ctio nfo rthe incre a s ein the path r adianc e(the radia n c e
m easured by s atellitefo r z e r o s u rface reflecta n c e)the signalin l･375トL m ne eds to be
c o r r e cted for the re sidu al effect of w ater vapo r･ T his is･do n e with the help of
c o r r elatio n with the l･2l止n ov er W ate r a nd O･65L⊥m o v e rV egetatio n･ But for
c o rr e ction ofthe cirru s clo uds fo rtheir effe ct o n
-
atte n u atio n ofthe s ola r r adiation
r efle cted fro m the s urfa ⊂e′ a c om plete e v alu a也o n ofthe optic al
■
pr opertie s of 血e
Cir r u s cloudsin ne eded･ D u eto the high altitude of 仇e clo uds′ 血e pr e s enc e of 血e
Cloudin o n eplX el affe cts 也e obs e rvatio n ofthe s u rfacein a nother plXel･ A m ethod
to c o r r e ctfo rthe s e effe cts stilla w aitstheingen uity ofyo u ngs cie ntists･
Refe r e n c es:
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